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A floresta portuguesa ocupa hoje aproximadamente 3154800 hectares (ha), ou seja, cerca de 
35 % do território continental. Estima-se que a produção total de resíduos seja de 5630 mil 
toneladas secas/ano e a biomassa produzida sem utilização é de 2628 mil toneladas secas/ano, 
provenientes principalmente da floresta e agricultura. Desta forma, o desperdício da biomassa 
vegetal tem-se mostrado cada vez mais uma preocupação, pois, para além de estar disponível 
em grandes quantidades, é potenciadora de fogos florestais, pelo que a sua valorização surge 
com uma alternativa bastante viável e urgente.  
Os resíduos de muitas espécies florestais têm na sua composição compostos com potencial de 
valor acrescentado como por exemplo propriedades biológicas e funcionais, tornando-os 
adequados para serem utilizados nos mais diversos produtos, tais como produtos da indústria 
química, farmacêutica, cosmética e/ou alimentar. 
O objectivo do presente trabalho centrou-se na avaliação do potencial bioativo de extratos de 
biomassa vegetal, e na obtenção de compostos naturais de interesse industrial, tais como 
compostos antioxidantes e anti-inflamatórios da espécie Acacia melanoxylon R. Br., 
valorizando assim estes resíduos e tornando-os economicamente viáveis. 
A Acacia melanoxylon R. Br., vulgarmente conhecida como acácia-da-austrália, acácia-negra-
da-austrália, acácia-negra e acácia-austrália, é também uma árvore da família Fabaceae 
(Leguminosae) nativa do Sudeste da Austrália, Tasmânia. É uma árvore de crescimento rápido 
que pode atingir 15-20 metros de altura. As suas folhas são ligeiramente em forma de foice e 
as flores apresentam uma cor amarela ou esbranquiçadas. Os frutos são vagens castanho-
avermelhadas, compridas, contorcidas, cujas sementes se encontram completamente 
rodeadas por um funículo alaranjado. 
A espécie Acacia melanoxylon R. Br. foi introduzida em Portugal em meados do século XIX, 
estando atualmente distribuída por todo o território continental, arquipélago dos Açores e 
arquipélago da Madeira. Esta espécie foi inicialmente introduzida no território português para 
fins ornamentais, tendo sido cultivada como espécie florestal, árvore de sombra e fixadora de 
solos. A madeira proveniente da casca da árvore foi desde sempre utilizada para a marcenaria, 
no fabrico de lanças, boomerangs, escudos e cordas nas regiões de origem. Atualmente, na 
Austrália, as aplicações da espécie Acacia melanoxylon R. Br. expandem-se ao fabrico de 
mobílias, devido à qualidade e aparência da madeira. 
A Acacia melanoxylon R. Br. é uma das espécies mais invasoras em Portugal, Espanha, França e 
Itália. Apresenta uma elevada capacidade de invasão em ambientes poluídos, áridos, húmidos, 
ventosos e sujeitos a temperaturas extremas. Produz muitas sementes que podem 
permanecer no solo durante mais de 50 anos. Estas podem ser disseminadas pela água, vento, 
aves e roedores. Esta espécie forma povoamentos muito densos impedindo o 




No sentido de complementar as linhas de investigação já descritas para esta espécie de Acacia, 
teve-se em conta uma forte componente de pesquisa em artigos científicos. Alguns estudos 
apontam para possíveis aplicações da espécie Acacia melanoxylon R. Br. na área da indústria. 
Resultados obtidos permitiram qualificar a madeira da Acacia melanoxylon R. Br. como uma 
potencial fonte de material lenhoso para a indústria nacional de serração e construção. Outros 
estudos mostram a potencial aplicação da madeira da Acacia melanoxylon R. Br. na produção 
de pasta de papel. Apesar das características biométricas do material fibroso da pasta de A. 
melanoxylon R. Br. serem significativamente diferentes das do eucalipto, nomeadamente 
maior colapsabilidade, os resultados experimentais demonstraram que a Acacia melanoxylon 
R.Br. pode ser utilizada na produção da pasta de papel quando os níveis de resistência 
mecânica exigidos ao papel não forem muito elevados. 
No entanto, vários estudos noutras espécies de Acacia permitiram identificar alguns 
compostos fenólicos com ação anti-inflamatória, e também a existência de atividade inibidora 
da enzima xantina oxidase (XO), deixando em aberto a importância de continuar estes estudos 
no sentido de identificar compostos bioativos. Pretendeu-se ainda associar os resultados 
obtidos à informação disponível, de forma a fazer a correspondência com as demais espécies 
de Acacia. 
Iniciou-se o trabalho experimental recorrendo-se ao método de hidrodestilação por Clevenger 
das partes aéreas (casca, folhas e ramos) da referida espécie, com o objectivo de obter óleos 
essenciais. As águas de decocção residuais deste processo foram estudadas para 
caracterização do perfil de compostos fenólicos. Avaliaram-se as composições em compostos 
fenólicos totais, não-taninos e taninos pelo método de Folin-Ciocalteau, utilizou-se o ácido 
gálico como padrão, expressando os resultados em GAE (Gallic Acid Equivalents). A actividade 
antioxidante foi determinada pelo método de captura do radical livre DPPH• e pelo método 
ABTS•+, utilizando-se para ambos os métodos o Trolox como padrão e os resultados foram 
expressos em percentagem de inibição dos radicais e em TEAC (Trolox Equivalent Antioxidant 
Capacity). A determinação da capacidade de inibição de radicais livres, utilizando o radical 
estável DPPH•, é um método simples e rápido de avaliar a capacidade antioxidante. Com este 
método é possível determinar o poder antiradical de um antioxidante, através da medição do 
decréscimo da absorvância do radical DPPH• a 515 nm. Outro método igualmente utilizado é o 
método ABTS•+, usado para avaliar a capacidade antioxidante total. 
Após a avaliação e determinação da actividade antioxidante procedeu-se à análise e ao 
fracionamento dos extratos recorrendo à cromatografia em camada fina e à cromatografia em 
coluna. Analisaram-se as frações obtidas por CZE, tendo-se identificado diferentes compostos 
fenólicos, desde estruturas simples a complexas, alguns dos quais nunca reportados para o 
género Acacia. Utilizando o software de análise disponível, foi possível determinar as 
percentagens de aproximação (matching) dos dados das amostras analisadas com os dados 
dos padrões de compostos fenólicos disponíveis na base de dados do sistema. 
Por fim, procedeu-se à determinação da actividade anti-inflamatória pelo método da inibição 
da desnaturação da albumina bovina (BSA), utilizando-se o ácido acetilsalicílico como padrão. 




na literatura estudos de actividade anti-inflamatória em espécies de acácias recorrendo a este 
método. No entanto, está descrita a determinação da actividade anti-inflamatória por outras 
metodologias noutras espécies de Acacia que não a Acacia melanoxylon R. Br., que referem o 
papel dos compostos fenólicos, particularmente das catequinas e ácidos fenólicos nas 
propriedades anti-inflamatórias destas espécies. Estes resultados suportam a pesquisa levada 
a cabo neste trabalho para a Acacia melanoxylon R. Br. 
De acordo com o estado da arte, foram identificados pela primeira vez neste trabalho ácidos 
fenólicos e flavonóides nos extratos aquosos das folhas e ramos e da casca de Acacia 
melanoxylon R. Br., assim como se refere pela primeira vez a presença de ácido O-
acetilsalisilico em espécies de Acacia.  
A realização deste trabalho permitiu, não só complementar o estudo fitoquímico existente 
para esta espécie, como também avaliar o potencial bioativo dos compostos fenólicos 
identificados nesta espécie, potencializando assim a valorização da biomassa como uma fonte 
abundante de compostos naturais com actividade biológica, uma vez que os seus resíduos 
florestais são utilizados apenas como lenha. Espera-se futuramente poder dar continuidade a 
estas linhas de investigação para o desenvolvimento de produtos de valor acrescentado com 
base nestes compostos bioativos, úteis na indústria alimentar, farmacêutica e química. 
O presente trabalho revelou o potencial de valorização dos resíduos florestais endógenos, 
nomeadamente da biomassa de Acacia melanoxylon R. Br., sendo essa valorização uma mais-
valia tanto para a floresta portuguesa, reduzindo a quantidade de sobrantes, como para a 
economia portuguesa, através da obtenção de produtos de valor acrescentado e a respetiva 
comercialização. No caso do presente estudo, ficou demonstrado que essa valorização poderá 










The purpose of this study focused on the assessment of the potential of natural extracts from 
vegetable biomass of the species Acacia melanoxylon R. Br. to obtain compounds of industrial 
interest, such as antioxidants and anti-inflammatory compounds, enhancing these wastes and 
making them economically viable. 
The experimental work used the hydrodistillation method with a Clevenger apparatus for the 
aerial parts (bark, leaves and branches) of Acacia melanoxylon species, to obtain essential oils. 
The residual decoction waters were evaluated for their phenolic composition. The decoction 
waters were evaluated for the total phenolic compounds, tannins and non-tannins by the 
Folin-Ciocalteau method using gallic acid as standard, expressing the results in GAE (gallic acid 
equivalents). The antioxidant activity was determined by the free radical DPPH• capture 
method and the ABTS•+ method, using Trolox as standard. 
Further characterization was done by fractionation of the extracts using column 
chromatography and thin layer chromatography. Fractions obtained were analyzed by CZE, 
having identified different phenolic compounds from simple to complex structures, some of 
which have never been reported for the genus Acacia. 
Finally, the anti-inflammatory activity was determined by the bovine serum albumin (BSA) 
inhibition method, using acetyl salicylic acid as standard. 
To the best of our knowledge, this is the first time that phenolic acids and flavonoids were 
identified in the aqueous extract of leaves/branches and bark of Acacia melanoxylon, and that 
the presence of O-acetylsalisylic acid is referred in Acacia species. 
This work allowed, not only to supplement the existing phytochemical study for this species, 
but also to evaluate the potential of the bioactive phenolic compounds identified, enhancing 
thus the valorization of biomass as an abundant source of natural compounds with 
pharmacological activity. It is expected to continue these lines of research for development of 
value added products based on these bioactive compounds useful for the food, 
pharmaceutical and chemical industries. 
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As well as provide us with oxygen, food, clothing, perfumes and building blocks for numerous 
chemicals, plants are a source of a great diversity of compounds with medicinal and 
pharmaceutical application (Figueiredo et al. 2007). Thus, the search in plants for drugs against 
various diseases has been described since ancient civilizations. A widely exploited source of 
plants and its therapeutic application has been done until the present. Medicinal plants have 
always played an important role in the healing of various diseases throughout the history of 
mankind, and sometimes, as the only alternative (Neto and Caetano, 2005). 
However, an interest in determining which were the active compounds of medicinal plants 
began only in the nineteenth century. A major achievement of these studies was the discovery 
of quinine obtained from the bark of chinchona tree (Chinchona officinalis L.) found in South 
America, which in popular medicine would be used in the treatment of malaria (Phillipson, 
2001). In recent decades there has been a resurgence of interest in folk medicine and how this 
practice can combine with traditional medicine. The demand for more biologically active 
natural substances, was encouraged by their use as natural antimicrobials and antioxidants in 
food (Figueiredo et al., 2007). 
The medicinal use of plants has assumed an important role in society because they have many 
properties that allow a cheaper and healthier treatment for some diseases compared to those 
produced by synthesis (Pires, 2010). Today, the benefits of natural products from plants are 
involved in various areas of human health, such as dietary supplements and in functional 
foods. Recently, the major impact of drugs derived from plants emerged in the antitumoral 
area where, for example, taxol, vinblastine, vincristine, and camptothecin that contributed to 
the effectiveness of chemotherapy against fatal cancers (Raskin et al., 2002). 
Natural products include primary metabolites and secondary metabolites. The secondary 
metabolites are synthesized by only a few species of living beings, including plants and fungi, 
which may or may not become directly involved in their growth and development. These are 
mainly present in higher plants and have a restricted distribution, i.e. they are specific to 
certain species and their roles in metabolism are still unknown (Pires, 2010; Ribeiro, 2012). 
The phenolic compounds are originated by the secondary metabolism of plants and are 
essential for their growth and reproduction. Also, these are formed under stress conditions as 
infections, injuries, ultraviolet radiation, and other (Naczk and Shahidi, 2004). 
Phenolic compounds are a very diverse group of phytochemicals derivatives of phenylalanine 
and tyrosine. Phenolic compounds in plants are essential to their growth and reproduction, as 
already mentioned above.  They also play a role as anti-pathogenic and pigmenting agents 
(Naczk and Shahidi, 2004). In food phenolic compounds are responsible for the color, 




Chemically, phenolic compounds are defined as substances with aromatic ring with one or 
more hydroxyl substituents, which also includes their functional groups (Lee et al., 2005). Its 
variable structure gives phenolic compounds multifunctionality. According to Shahidi and 
Naczk (2004) there are about five thousand phenols, highlighting the flavonoids, phenolic 
acids, simple phenols, coumarins, tannins, lignins and tocopherols. Further, they may be in 
their free form or bound to sugars (glycosides), and proteins (Bravo, 1998). 
The beneficial health effects that have been attributed to phenolic compounds present in 
fruits, vegetables, teas and wines are varied. Epidemiological studies have demonstrated 
multiple biological effects related to phenolic compounds, such as antioxidant activity, anti-
inflammatory, antimicrobial, among others. 
Phenolic acids are secondary metabolites and represent an important and dominant role in the 
human diet daily, in particular in foods derived from plants such as fruits and vegetables 
(Barros et al., 2009). They are characterized for presenting a benzene ring, a carboxylic acid 
group and one or more hydroxyl groups and/or methoxyl in the molecule to confer antioxidant 
activity (Soares, 2002).  
This group includes benzoic acid, cinnamic acid and its derivatives, hydroxyl patterns and dif-
fering in methylation of the aromatic rings. 
The most common hydroxycinnamic acids are caffeic acid, p-coumaric, ferulic and sinapic 
acids, which occur frequently with an ester linkage to small molecules (quinic and tartaric 
acids) or structural components such as cellulose, lignin and protein. The most abundant 
hydroxybenzoic acids are p-hydroxybenzoic acid, vanillic, protocatechuic, gallic and syringic, 
often being components of a complex structure such as lignins and hydrolysable tannins, or in 
the form of glycosides, and organic acids (Barros et al., 2009). 




Figure 1 - Chemical struture of phenolic acids. Phenolic acids found whith two substitutions on the: 
A. Phenyl ring on the 3- and 4- positions; 




 R1 R2 
benzoic acid H H 
4- or p-hydroxybenzoic acid OH H 
3- or m-hydrobenzoic H OH 
protocatechuic acid OH OH 
vanillic acid OH OCH3 







phenylproplonic acid H H 
4- or p-hydroxyphenypropionic acid OH H 
3- or m-hydroxyphenypropionic acid H OH 
3,4-dihydroxyphenypropionic acid OH OH 
dihydroferulic acid OH OCH3 
dihydroisoferulic acid OCH3 OH 




 R5 R6 
cinnamic acid H H 
p-coumaric OH H 
m-coumaric H OH 
caffeic acid OH OH 
ferulic acid OH OCH3 
isoferulic acid OCH3 OH 
   
 


















   
Gallic acid  
 




In the vast family of phenolic compounds, phenolic acids have attracted significant interest in 


























are powerful antioxidants and it has been reported by its antibacterial activity, antiviral, anti-
cancer, anti-inflammatory and vasodilatory actions (Mattila and Hellström, 2007). 
Flavonoids are compounds widely distributed in the plant kingdom, present in fruits, leaves, 
seeds and other parts of plants as glycosides or aglycones. These compounds have low mo-
lecular weight, consisting of 15 carbon atoms arranged in a C6-C3-C6 configuration (Bravo, 
1998). Its chemical structure consists of two aromatic rings, ring A and B, joined by three car-





Figure 1 - Basic flavonoid structure. 
The variations by replacing the standard C ring originate important classes of flavonoids such 
as flavonols, flavones, flavanones, catechins, anthocyanins and isoflavones (Hollman and 
Katan, 1999). In turn, the substitutions of the A and B rings give rise to different compounds 
within each class of flavonoids (Hollman and Katan, 1999). 
As previously mentioned, the major structural categories of flavonoids are flavones, fla-
vanones, flavonols, chalcones, catechins, anthocyanidins, isoflavones, isoflavanones and au-

































1.1. Biomass and Biorefinery 
Ecologically, biomass is the total amount of living matter present in an ecosystem or a plant or 
animal population. In power generation, the definition of biomass does not account for 
traditional fossil fuels, while also being derived from plant or animal life. This can still be 
considered as a renewable natural resource, unlike fossil fuels. 
A biorefinery is a facility that integrates biomass conversion processes in biofuels, chemical 
inputs, materials, food, feed and energy. This includes several conversion routes (biochemical, 
microbial, chemical and thermochemical), looking for better use of the biomass and the energy 
contained therein. 
The chemicals developed from co-products and residues are those with the greatest potential 
to add value to the supply chains of biomass, due to the strategic involvement of the chemical 
industry in the supply of inputs and final products to various sectors of the economy, as 
petrochemical, pharmaceutical, building, cosmetic, among others. 
The abundant existence of raw materials and the disadvantages that invasive plants have the 
general direction of forest resources, argues that priority should be given to creating a market 
for the fuel based on plants, promoting the use of residual biomass and reducing the cleaning 
costs of the areas of interest (Direcção Geral de Recursos Florestais, 2006). Since the alien 
species are more adapted to the summer weather, such as Acacia, these are most promising 
for the production of biomass. Therefore, the costs involved in the control of invasive plants, 
mainly of Acacias in Portugal, are high and it takes several follow-up measures of the shares, 
hence the use of these as biomass material for energy production and/or bioproducts can be a 
very feasible and advantageous alternative (Santos et al., 2004). 
The plant biomass, vegetable and forest waste resulting from industrial activity, is an abundant 
and renewable source of a great variety of phenolic compounds with potential bioactive 
activities. In the present work, the biomass of an Acacia species (namely the bark, branches 
and leaves) was used to study the possibility of valorizing this residue through value added 
compounds with biological activity that could be used in the food, pharmaceutical and 
chemical industries. 
1.2. Gender Acacia 
1.2.1. Botanic Characterization and Distribution 
The Acacia are a gender of trees in the Fabaceae family, subfamily Mimosoideae, and is the 
second largest genus in the Fabaceae family, after the Genus Astragalus. They grow naturally 
in tropical climates, subtropical and warm temperate, as in Africa (144 species), Asia (89 spe-
cies), America (185 species) and the Pacific region (993 species) (World Wide Wattle, 2015). It 
is composed of more than 1,400 species, of which more than 1,200 of these species are native 




the times, since Bentham (1675) to Maslin et al (2003) (Fernandes and Fernandes, 2012; 
Maslin et al., 2003). 
Acacias from Australia were introduced in southwestern Europe during the nineteenth centu-
ry, during a time of exaltation of exotic plants, where Australia was seen as the promised land 
of gardening (Fernandes and Fernandes, 2012). Several species were introduced in Portugal for 
their ornamental interest and economic potential as a source of raw materials (Breton et al., 
2008; Kull et al., 2011). One of the promoters of Acacias in Portugal was Tait, a businessman 
who started in 1880 a plantation of Acacia and Eucalyptus trees on the outskirts of Abrantes. 
Therefore, Acacias from Australia have been used in Portugal since the nineteenth century in 
public forests, and coastal dune systems were fixed with the aid of various species, such as the 
Acacia melanoxylon (Fernandes and Fernandes, 2012). 
One of the problems associated with the Acacia is its facility to spread, being considered in 
some regions, and particularly in Portugal, as an invasive species. By definition, an invasive 
plant is a naturalized plant that produces fertile and abundant offspring, with strong potential 
for dispersion of the parental plant (Lourenço, 2009; Richardson et al., 2000). Acacias threaten 
native habitats by competing with indigenous vegetation, replacing grass communities, reduc-
ing native biodiversity and increasing water loss from riparian zones. In addition to its great 
colonizing capacity, it typically dominates the colonized site, with understory species scarce 
and present only with low cover. At present, the species Acacia dealbata, Acacia melanxylon 
and Acacia longifolia are the most prolific invaders in France, Italy, Portugal and Spain, espe-
cially in conservation areas (Lorenzo et al., 2010). 
 
 
Figure 3 - Some examples of plants from the genus Acacia.  
A. Acacia dealbata. 
B. Acacia melanoxylon 
1.2.2. Ethnobotanical Uses 
Ethnobotany attempts to understand the relationship between plants and people, studying 
how plants, in some way, are used by civilizations. In Portugal, the ethnobotanical studies are 




cine and developed studies on the use of plants in medicine (Rodrigues, 2001). The climate 
conditions in Portugal are favorable to a large number of species with high value for the phar-
maceutical and cosmetic industries (Rodrigues, 2001). 
Currently, the traditional applications of Acacia are preserved due to the growing interest of 
the scientific community for this gender. 
Several authors tried to analyze the timber from Acacia for the production of paper. Santos et 
al. (2007) found that the paper produced by the Acacia has greater resistance to tearing.  
In Portugal there are many spontaneous stands of Acacia species, including Acacia dealbata 
and Acacia melanoxylon. Although this is an invasive species, Acacia melanoxylon has not yet 
been considered as an ecological problem, despite adapting well the Portuguese conditions. 
Therefore, it is considered as a producer of alternative raw material for sawmills and paper 
industry, and can also minimize the risk of fire (Santos et al., 2007). 
1.2.3. Phytochemical Characterization 
Phytochemical research of plants generally involves the following steps: plant selection, 
collection, identification and authentication, extraction, extracts fractionation/separation, 
isolation of pure compounds, structural characterization, investigation of the biosynthetic 
pathways of a particular compound, quantitative assessments and pharmacological activities 
(Visht and Chaturvedi, 2012).  
Despite the scarce information, there are some research papers reporting compounds that 
have been isolated from the aerial parts (bark, leaves, branches and flowers) from Acacia spe-
cies, in particular phenolic compounds. 
Reports regarding the isolation of phenolic groups in Acacia melanoxylon are rare, but Polya 
and Foo (1994) extracted catechins from this species. 
In the various species of Acacia, different flavonoids can be found. Table 2 shows some com-




Figure 2 - Description of flavonoid compounds identified in different species of Acacia 
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1.2.4. Biological Activities 
From an early age, Acacia species have been used by different populations in the world. In 
Australia, for example, the aborigines used various species of Acacia as their food, taking 
advantage of different parts of the same. The gums were collected and chewed, while the sap 
was harnessed to make a sweet drink (Australian Plants Online, 2015).  
Multiple biological activities have been investigated in the extracts and compounds isolated 
from various Acacia species. For example, Dhawan and colleagues (1980) report that 
auriculoside showed a depressant activity of the central nervous system. Some species have 
flavonoids that have a molluscicidal activity against some parasites, and other exhibit 





Chang et al. (2001) differentiated applications of the species according to the extracted 
compounds, as follows: 
 The ethanol extracts of some Acacia species have a hypoglycemic action; 
 The catechin derivatives inhibit protein kinases; 
 The aqueous extracts exhibit anti-inflammatory, analgesic and antipyretic activities; 
 The ethyl acetate extract have hapatoprotective properties; 
 Some flavonoid groups decreased tumor cell proliferation. 
 
Phenolic derivatives, flavonoids, tannins and coumarins have bioactive activities such as 
antimicrobial, antioxidant and anti-inflammatory activities. The inflammatory process is the 
body response to an injurious stimulus evoked by a wide variety of agents, e.g. infections, and 
diseases like atherosclerosis, diabetes, and others, are now considered to be conditions with a 
strong inflammatory component (Manohara Reddy et al., 2011).  Medicines for the 
management of inflammation are non-steroidal anti-inflammatory drugs (NSAIDs), which are 
reported to have several adverse side-effects. Natural products have contributed significantly 
towards the development of modern therapeutically agents and traditional medicine is being 
re-evaluated worldwide, by extensive research on different plant species and their active 
principles. This fact is supported by the very recent Nobel Prize 2015 for medicine to the 
Chinese scientist Youyou Tu, for her discovery of Artemisinin (from the Chinese herb Artemisia 
annua) as an alternative to the standard drug chloroquine used to malaria cure.  
Antioxidants are natural substances that may stop or limit the damage caused by free radicals, 
protect and reverse the damage caused by oxidation to some extent. Antioxidants are found in 
many foods, including fruits and vegetables. Antioxidants are compounds with enzymatic 
activity capable of blocking the onset of oxidation, i.e., enzymes that remove reactive oxygen 
species. Moreover, antioxidants without enzymatic activity can be found, where the molecules 
interact with the radical species and are consumed during the reaction. In this latter group are 
included natural antioxidants such as phenolic compounds (Bonoli et al., 2004).  
Thus, the plant kingdom can represent an effective source of new compounds with less 
adverse effects, low costs and significant antioxidant and anti-inflammatory properties. 
Dafallah and Al-Mustafa (1996) found that some species of Acacia trees showed an inhibitory 
effect of edema in mice, and also observed a significant increase in hot chemical reaction 
located in these animals. Both reactions which represent the anti-inflammatory activity of the 
plants were attributed not only to the presence of flavonoids, but also to polysaccharides and 
organic acids. These results were also obtained by other authors that also performed 
experiments on mice (Dongmo et al., 2005). 
The antioxidant assay may be performed by several techniques, for example, the ABTS and 
DPPH scavenging radicals. These assays include testing with pre-formed radicals, as the 
cationic moiety of the acid 2-2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) in the case of 
the ABTS technique, and the radical 2,2-diphenyl-1-picrylhydrazyl in the case of DPPH 
technique, which are often expressed  as Trolox Equivalent Antioxidant Capacity (TEAC) (Prior 




The anti-inflammatory activity can be assayed by a test of inhibition of denaturation of 
albumin, since some anti-inflammatory agents inhibit the denaturation of proteins (Bhaskar 
and Mohite, 2010). Protein denaturation is the cause and consequence of the inflammatory 
response, and anti-inflammatory agents possess the ability to inhibit the denaturation of 
proteins. The inhibition of bovine albumin technique is based on protein denaturation using 
bovine serum albumin. 
Thus, a major objective of the present work is to evaluate the potential of a forestry by-
product, the bark, leaves and branches of Acacia melanoxylon, as a source of new ingredients 
with antioxidant and anti-inflammatory activities. 
1.3. Acacia melanoxylon R. Br. 
1.3.1. Botanical Characterization  
The Acacia concerned, with the scientific name Acacia melanoxylon R. Br., was characterized 
by Robert Brown for the first time, and is native to southeastern Australia, Tasmania. It prefers 
granite terrain, avoiding limestone, and is commonly known as: Acacia-of-Australia, black 
wattle-of-Australia, Blackwood and wattle Australian Acacia. It takes place over a wide range 
of soil and climatic conditions, developing best in colder climates, with a strong invasiveness in 
polluted environments, dry, wet, windy and extreme temperatures. 
 
Figure 4 - Acacia melanoxylon R. Br 
A. Tree B. Flowers C. Trunk D. Seeds 
It is an evergreen tree, 15m on average, reaching up to 45m; dark brown rhytidome deeply 
split; young leaves blended or reduced to phyllodes; adult leaves reduced to laminar phyllodes, 
slightly sickle, with 3-5 longitudinal ribs; pale yellow flowers, gathered in chapters with about 
10-12 mm in diameter; flat pod twisted, reddish-brown; funiculus orange seed surrounded by 




1.4. Analytical Methodologies 
The structural diversity and complexity of natural products demand for specific separation and 
analytical methodologies. Thus, new techniques for separation and analysis have been devel-
oped to isolate and identify compounds of different natures (Visht and Chaturvedi, 2012).  
According to what is to be isolated the most suitable separation techniques must be selected. 
The criteria to consider when choosing the method and material to be used are as follows: 
 Availability; 
 Adaptability; 
 Total capacity of the method; 
 Analysis time; 
 Recovery facility; 
 Costs; 
 Sensitivity and / or specificity; 
 Accuracy and precision; 
 Repeatability and reproducibility; 
 Detection and quantification limits. 
The main objective of the present work was the valorization of Acacia melanoxylon R. Br. bio-
mass, through the estimation of essential oils and the separation and characterization of phe-
nolic compounds from the aerial parts, aiming to identify compounds with biological activities. 
For that purpose, essential oils were estimated by the Clevenger method and the phenolic 
compounds rich extracts were obtained from the decoction waters resulting from the essential 
oil extraction These water extracts were concentrated by freeze-drying, and the resulting dried 
extracts were characterized for their phenolic profile and biological activities.  
1.4.1. Estimation of Essential Oil by Clevenger Apparatus 
Essential oils have numerous applications in fields like medicine, cosmetic and food industry. 
Essential oils are complex mixtures of volatiles, usually with odor and colorless. These are 
soluble in nonpolar solvents and have limited solubility in water, but sufficient for flavoring 
aqueous solutions. Essential oils evaporate quickly when exposed to ambient temperature. 
(Simoes, 2001). 
Essential oils have various biological activities, having high importance in the pharmaceutical 
industry. Among these other characteristics have antioxidant properties and, since they are 
natural, they have been proposed as an alternative to synthetic antioxidants. According to the 
various species, the antioxidant properties are assigned to different active substances thereof. 
The essential oils include volatile fraction obtained by distillation entrained by steam, 
responsible for the characteristic aroma of plant origin. Technologically, the essential oil is an 





The separation of the matrix oils by the action of water vapor is the most frequent and 
economical method, and it uses a Clevenger apparatus. In this technique the process agent is 
water that is heated in a container where the plant material is. It is the heat of steam which 
causes the opening of the cell walls, causing the oil present between the cells to evaporate 
along with the water and go into the cooling tube. The oily phase is not miscible with the 
aqueous phase, whereas essential oils are lighter and are concentrated on the water layer, 
making its separation easy. The Clevenger apparatus can only be applied to small-scale 
productions. 
 
Figure 5 - Clevenger apparatus. 
The average yield of essential oil distilled from plants is usually very low, and consequently, a 
considerable amount of solid residues is generated. These residues are especially rich in 
phenolic compounds and can be exploited as value-added compounds, and thus enhance the 
overall profitability of the plants. 
1.4.2. Phenolic Compounds Extraction 
The extraction of phenolic compounds is a critical step, since its effectiveness depends on sev-
eral variables such as the type of sample, type of analytes to be extracted, location of the ana-
lytes in the sample, type of extractor, solvent extraction method and temperature, among 
others. 
When the samples are solid, it is first necessary to make the transfer of analytes into the liquid 
phase, using the appropriate solvent. This process is called leaching or solid-liquid extraction, 





The time of extraction of phenolic compounds is very variable, as are the solvents used. The 
solvents with better efficacy are hydroalcoholic mixtures with methanol and ethanol, with 
concentrations varying between 50% and 80%. Ethanol has been used more often, compared 
to methanol, because it is a solvent with low toxicity (Rodríguez-Rojo et al., 2012). 
Costa and Koblitz (2010) analyzed the extraction techniques used by different researchers, and 
observed that the temperature may vary from 4°C to 90°C and the extraction time may vary 
from 20 minutes to overnight (Table 3) (Silva et al., 2010). 
Therefore, before proceeding to the selection of extraction methodology, it should be consid-
ered all the methodologies described so far, and the available material and characterization of 
the initial sample, trying to select the one that best meets the needs. 







Ethanol - - 
Soxhlet followed by column chromatography 
purification on silica gel and activated carbon ( 
1: 0.5) 
Ethanol 6h - 
Soxhlet, purification by partition with oil and 






Magnetic stirrer , partition with hexane and 
clarification with barium hydroxide and zinc 
sulfate 
Acetone and 
deionized water (0%, 
25%, 50%, 75% and 
100%) 
Overnight 4⁰C a- 10⁰C - 
Acetone 70°c 20min 4⁰C Centrifugation 4200xg 
Ethyl ether 1h RT Magnetic stirring and vacuum filtration 
100% methanol 12h RT Magnetic stirring 
96 % n-hexane, 
acetone, ethyl 
acetate, ethanol and 
methanol 
15h - Soxhlet 





Orbital shaker extract recovery by vacuum 
filtration and evaporation of the solvent under 
rotary evaporator 
Water and aqueous 
Na2SO3 2.5% 
1h 90⁰C Glass reactor with mechanical agitation 





In the case of the present work, the extraction was performed using 100% water at boiling 
temperature, as a consequence of the Clevenger methodology for estimating the presence of 
essential oil in the species under study. 
1.4.3. Capillary Zone Electrophoresis  
Capillary zone electrophoresis (CZE) is the simplest form of capillary electrophoresis (CE). CE is 
electrophoresis performed in a capillary tube. In this mode sample is applied as a narrow zone 
(band), which is surrounded by the separation buffer. As an electric field is applied, each 
component in the sample zone migrates according to its own apparent mobility. It is the most 
efficient separation technique available for the analysis of both large and small molecules. CE 
analyses are usually very fast, use little sample and reagents, and cost much less than 
chromatography or conventional electrophoresis. Modern CE has demonstrated tremendous 
potential for a wide range of applications. Qualitative analysis in CE provides information 
about the identity of a peak in an electropherogram. The simplest way to identify a CE peak is 
to compare its migration time and UV spectrum with those of a known compound. (Xu, 1996). 
 
Figure 6 - Diagram of a CE system 
1.4.4. Chromatographic Methods 
Plant extracts are a complex mixture of chemicals that need to be analyzed, fractionated and 
purified. These steps can be accomplished by analytical and preparative chromatographic 
techniques, namely thin layer chromatography (TLC) and column chromatography (CC). In the 
present work, TLC will be used to screen crude extracts composition and to monitor the 
chemical profile of fractions obtained by CC. A clean-up step of crude extracts will be 
performed by CC filled with a resin, through an ion-exchange process, aiming at the separation 
of sugars from phenolic compounds. Then, size exclusion chromatography, also known by gel 





2. Materials and Methods 
2.1. Plant Material 
The biomass of Acacia melanoxylon, R. Br. was obtained in the Lisbon region and provided by 
LNEG Bioenergy Unit, after drying in a cool and dry place, out of direct sunlight, and at room 
temperature. Only the aerial parts of the plant – leaves (Lvs), branches (Brc) and bark (Bk) – 
were used for this study. 
2.2. Solvents  
The purity of the solvents used for this study was selected depending on the objectives 
associated with each experimental technique. 
2.3. Extraction of Bioactive Compounds from Acacia melanoxylon  
2.3.1. Evaluation of Essential Oils 
2.3.1.1. Hydrodistillation with Clevenger 
The aerial parts of Acacia melanoxylon (leaves, branches and bark) were cut into smaller pieces 
and subjected to hydrodistillation in a Clevenger apparatus (Figure 5), individually, in order to 
evaluate the presence of essential oils. For this, 150 g of bark or leaves/branches, respectively, 
were weighed and placed into a 3 L flask and 1.5 L of distilled water was added, proceeding to 
the extraction for 3 hours (T).  
2.3.1.2. Aqueous extracts of phenolic compounds 
As a consequence of the hydrodestillation for the essential oils, the respective decoction 
waters rich, in phenolic compounds, were separated from the solid residue by filtration, then 
frozen and lyophilized in a freeze-drier (Heto Dry Power LL3000, THERMO) for further analysis. 
2.3.2. Phenolic Profile by Capillary Zone Electrophoresis 
2.3.2.1. Preparation of samples and standards 
Solutions of all extracts, fractions and standard compounds were prepared at 1 mg/mL in 
water:methanol (50:50). Thereafter, the samples were filtered prior to analysis. 
2.3.2.2. Experimental analysis conditions 
The separation by CZE method was performed using a CE system (Agilent Technologies) 
equipped with a network diode array detector (DAD), capillary "bubble" (increased sensitivity) 
fused-silica uncoated with 50 micron internal diameter and 64.5/60 cm in length (Agilent). The 




10% methanol (organic solvent used to improve the efficiency of separation and selectivity 
implemented method). This solution was adjusted to pH 9.3 with hydrochloric acid. The 
voltage was selected for 25 kV with an increasing ramp 0.5 minutes (avoiding a sudden 
separation) and a current 120 μA. During the separation, it was maintained at a temperature 
of 30 °C inside the capillary. The samples (extracts obtained and phenolic compounds 
solutions) were pre-filtered with a membrane (0.45 mM) and injected directly under 50 mbar 
pressure for 15 seconds at the anode (positive electrode). The capillary was pre-conditioned 
between runs for 3 minutes with a solution of NaOH (0.1 M) and then with the buffer solution 
for another 3 minutes. The electropherograms were recorded at 200, 280 and 375 nm. The 
whole system was controlled by ChemStation software (Agilent Technologies), which was also 
used for the treatment of the results. The compounds in the extracts were identified by 
comparison of UV spectra and migration times with UV spectra and migration times of the 
standards of phenolic compounds available that are recorded in the equipment spectra library. 
2.3.3. Quantification of Total Phenolics, Tannins and Non-tannins  
Total phenolics (TP), tannins (T) and non-tannins (n-T) were determined by using the Folin-
Ciocalteau colorimetric method according to Roseiro et al. (2013) with slight modifications. 
Briefly, The extract sample (or water for blank) (0.1mL) was made up to 0.5 mL with distilled 
water and mixed with 1/1 (v/v) diluted Folin-Ciocalteau reagent (0.25 mL) and 20 % 
Na2CO3×10H2O (1.25 mL). A calibration curve of gallic acid was prepared according to Table 4 
below. For each sample, blanck or gallic acid solution, 250 µL were transferred into a 96 
microplate well, and absorbance was measured at 725 nm after 40 min incubation at room 
temperature, in a Multiskan™ GO Microplate Spectrophotometer. Total phenolics were 
expressed as mg GAE (gallic acid equivalents)/ mL by comparison to the gallic acid standard 
curve and converted to g GAE/100 g of extracts on dry weight basis (dwb). Total tannin content 
was determined as above, after removal of tannins by their adsorption on insoluble matrix 
(polyvinylpolypyrrolidone, PVPP). Insoluble cross-linked PVPP (100 mg) was weighed into test 
tubes, to which distilled acidified water (pH 3) (1.0 mL) and tannin-containing extract sample 
(1.0 mL) were added. After 15 min at 4 °C, tubes were vortexed, transferred into Eppendorf 
tubes and centrifuged for 10 min at 3000×g (mini spin® Eppendorf centrifuge, Eppendorf AG, 
Hamburg, Germany). Aliquots (0.1 mL) of supernatant were transferred into test tubes and 
non-adsorbed phenolics (non-tannins) determined as previously described. Calculated values 
were subtracted from total phenolics contents and total tannin contents expressed as g 
















Blank 00 0 500 250 1250 
T1 20 2 480 250 1250 
T2 40 4 460 250 1250 
T3 80 8 420 250 1250 
T4 100 10 400 250 1250 
T5 120 12 380 250 1250 
T6 140 14 360 250 1250 
T7 180 18 320 250 1250 
 
2.3.4. Determination of Antioxidant Activity  
2.3.4.1. DPPH radical scavenging Method  
Radical scavenging activity of plant extracts against stable DPPH• (2,2-diphenyl-2-picrylhydrazyl 
hydrate) was determined spectrophotometrically. When DPPH• reacts with an antioxidant 
compound, which can donate hydrogen, it is reduced. The changes in colour (from deep-violet 
to light-yellow) were detected at 515 nm.  
A solution of DPPH• 0.06mM (60 μM) was prepared and transferred to an appropriately 
labeled dark bottle. A stock solution of 1.5 mM Trolox (a standard antioxidant analogous to 
vitamin E) was prepared in order to construct a standard curve by pipetted 100; 200; 400; 
1000; 1400; and 1700 µL of the stock solution and made up to 2000 μL of EtOH, according to 
the following table: 
Figure 5 - Preparation of solutions for the construction of standard curve of Trolox – DPPH. 
Trolox stock 
solution (µL) 
 EtOH (µL) 
Final concentration 
(mM) 
100 1900 0.08 
200 1800 0.15 
400 1600 0.30 
700 1300 0.53 
1000 1000 0.75 
1400 600 1.05 
1700 300 1.28 
Radical scavenging activity of extracts was measured according to Roseiro et al. (2013), with 
slight modifications. The solution of DPPH• in ethanol (60 µM) was prepared daily, before UV 




calibration curve, or the extract solution (50 µL) and vortexed. Each sample (250 µL) was 
transferred into a 96 microplate well, kept in the dark for 30min at room temperature and 
then the decrease in absorption was measured in a Multiskan™ GO Microplate 
Spectrophotometer. Absorption of blank sample containing the same amount of ethanol and 
DPPH• solution was prepared and measured daily. The decreasing of the DPPH• solution 
absorbance indicated an increase of the DPPH radical-scavenging activity. The experiment was 
carried out in triplicate. Radical scavenging activity (%) was calculated by the following 
formula: 
%DPPH• inhibition = [(Absb –Absf) /Absb] ×100  
Where Absb is the absorption of blank sample (t = 0 min) and Absf is the absorption of tested 
extract solution (t = 30 min).  
2.3.4.2. ABTS cation radical decolourisation assay 
ABTS [2,2-azinobis(3-ethylbenzothiazoline-6-sulphonic acid)diammonium salt] radical cation 
decolourisation test is also a spectrophotometric method widely used for the assessment of 
antioxidant activity of various substances. The experiments were carried out using the method 
described by Roseiro et al. (2013) with slight modifications. ABTS+• was generated by oxidation 
of ABTS with potassium persulphate. The ABTS radical cation (ABTS+•) solution was prepared 
by mixing 7 mM ABTS (5 mL) and 140 mM potassium persulphate (88µL) leading to a 2.45 mM 
final concentration, and the mixture was incubated in the dark at room temperature for 16 h. 
The ABTS+• solution was then diluted with 80 % (v/v) ethanol to obtain an absorbance of 0.700 
± 0.005 at 734 nm. A stock solution of 3.0 mM Trolox (a standard antioxidant analogous to 
vitamin E) was prepared each day of analysis, in order to construct a standard curve by 
pipetted 50; 200; 300; 500; 700 and 800 µL initial Trolox solution and diluted to 1000 µL with 
EtOH to obtain 0.15; 0.6; 0.9; 0.9; 1.5; 2.1; and 2.4 mM final concentration, respectively, as the 
Table 6 below: 
Figure 6 - Preparation of solutions for the construction of standard curve of Trolox – ABTS. 
Trolox Standard 
Solution (µL) 
 EtOH (µL) 
Final Concentration 
(mM) 
50 950 0.15 
200 800 0.6 
300 700 0.9 
500 500 1.5 
700 300 2.1 
800 200 2.4 
Aliquots of the extracts or Trolox solutions (30 µL) were added to the radical solution (3000 µL) 
and then 250 µL were transferred to a 96 microplate well, and the decrease in absorption was 




nm. All determinations were carried out in triplicate. The percent absorbance reduction was 
determined as follows: 
%ABTS• inhibition= [(Absb –Absf) /Absb] ×100 
Where Absb is the absorption of blank sample (t = 0 min) and Absf is the absorption of tested 
extract solution (t = 6 min). 
2.3.5. Determination of EC50  
The EC50 is the concentration of extract capable of reducing to 50 % the initial amount of the 
radical. This is inversely proportional to the antioxidant activity parameter, i.e. the lower the 
EC50 value, the higher the antioxidant activity. For each extract, four different concentration 
solutions were prepared in distilled water. Then, triplicate readings were obtained, according 
to the procedure described in sections 2.3.4.1 and 2.3.4.2 for DPPH• and ATBS+• methods, 
respectively. 
2.3.6. Fractionation and Purification of Phenolic Compounds  
For the fractionation and purification of phenolic compounds present in the water decoction of 
the aerial parts of Acacia melanoxylon, various chromatographic techniques were used, 
particularly column chromatography (CC) and thin layer chromatography (TLC). 
2.3.6.1. Preliminary Analysis of Extracts 
Thin layer chromatography (TLC) was used to analyze the chemical profile of crude extracts, 
fractions and pure compounds from natural and synthetic origin. In the present work, silica-gel 
TLC plates (ALUGRAM® Xtra SIL G / UV254, 20x20 cm, 0.20 mm thickness, Macherey-Nagel, lot 
407195) were used. The plates were cut into different sizes, depending on the number of 
samples to be analyzed. 
Samples were dissolved in the minimum amount of methanol and then, they were deposited, 
with a Pasteur pipette, at c.a. 1 cm from the bottom of the TLC plate base. After drying the 
application points, the elution was held in CAMAG glass chambers with adequate dimensions 
to the size of the plates. The chromatographic chamber was previously filled with the chosen 
elution system, which consisted of mixtures of dichloromethane and ethanol/methanol of 
increasing polarity. The chromatograms were developed to approximately 0.5 cm of the plate 
upper end and then, plates were removed from elution chamber, dried with a stream of 
nitrogen, and spots visualized under a UV lamp (CAMAG), at λ254 and λ336 nm. Finally, the spots 
were revealed by spraying   with a solution of H2SO4 (10 %) in ethanol, and by heating at 120 ⁰C 
with a heat gun. 
2.3.6.2. Phenolics extraction 
Amberlite XAD-2 (Supelco, Bellafonte, USA) was used to perform a cleaning step of crude 
extracts and column was previously packed following the manufacturer instructions. Samples 




ultrasound bath and filtered through cotton wood to remove solid particles. The filtrate was 
then passed through a glass column (25 x 3.0 cm) containing Amberlite XAD-2, as reported by  
(Andrade et al., 1998). The column was washed with water (100 mL, pH 2 with HCl) and then 
with distilled water (300 mL). Sugars and other polar compounds were eluted with water, 
while the phenolic fraction remained in the column. Phenolics were then eluted with methanol 
(c.a. 300 mL) and the methanol extract was concentrated to dryness under reduced pressure 
at 40 °C, in a rotary evaporator.  Phenolic profile was evaluated by TLC as described previously 
in 2.3.6.1. Aqueous fractions were frozen and lyophilized in a HetoPower Dry 3000 apparatus 
for further characterization by CZE. 
2.3.6.3. Phenolics fractionation 
Sephadex LH-20 (GE Healthcare, Bio-Sciences AB, Uppsala, Sweden) was used for phenolics 
fractionation. The gel was previously swelled for 21 hours in the solvent used to dissolve 
extracts (10 g gel/100 mg extract) and packed into a glass chromatographic column (2.0 x 40 
cm). Phenolic extracts were dissolved in a small volume of solvent, introduced in the top of the 
column and eluted with ethyl acetate, acetone, ethanol and methanol (Annex A). Fractions (5-
20 mL) were collected and their chemical profile monitored by TLC at 254 and 366 nm under a 
UV lamp (2.3.6.1). Eluates showing the same composition were pooled into major fractions. 
After solvent evaporation, dry residues were characterized by CZE and the most promising 
ones screened for their anti-inflammatory activity. 
2.3.7. Determination of In Vitro Anti-inflammatory Activity  
The anti-inflammatory activity of Acacia melanoxylon extracts and fractions was evaluated 
through their capacity to inhibit albumin denaturation, as reported previously by Mizushima 
and Kobayashi (1968). In the present work it was followed the methodology described by 
Leelaprakash and Dass (2011), with slight modifications. Briefly, an aqueous solution (1 %) of 
bovine serum albumin (BSA, Sigma-Aldrich, Barcelona, Spain, Ref. A3912) was prepared, and 
extracts and acetyl salicylic acid (ASA, Sigma-Aldrich, Barcelona, Spain, Ref. A5376), the 
standard drug, were dissolved in distilled water in the concentrations of 500 and 100 µg/mL. 
Test solutions (1 mL) containing extracts and ASA were mixed with BSA solution (1 mL) and 
incubated at 29 ± 1 °C, for 20 min, in a water bath. BSA denaturation was induced by keeping 
the reaction mixture also in a water bath at 60 ± 1 °C, for 3 min. Then, samples were cooled at 
room temperature, and turbidity was measured at 660 nm in a UV-Vis. spectrophotometer 
Spectroquant Pharo 100, Merck. Each experiment was done in triplicate. 
The percentage inhibition of protein denaturation was calculated as follows: 




3. Results and Discussion 
3.1. Essential Oils 
Several authors have reported the presence of essential oils in some Acacia species, namely, 
from different plant parts of Acacia cyanophylla (El Ayeb-Zakhama et al., 2015), from the 
leaves and bark of Acacia mearnsii (Avoseh et al., 2015), from the bark of Acacia nilotica and 
Acacia albida (Okeniyi et al., 2010) and from the leaves of Acacia tortilis (Ogunwande et al., 
2008). However, in the present study it was observed that nor the leaves/branches, nor the 
bark of Acacia melanoxylon revealled the presence of essential oils. In fact, little is known 
about the volatile composition of most species of Acacia, and what is known is mainly from the 
flowers of some Acacia species (Siegler, 2003), mostly used in perfumery, but no reference 
was found to the presence of essential oils in Acacia melanoxylon. 
3.2. Profile of Phenolic Compounds by CZE 
The CZE phenolic profile of the decoction waters from the hydrodestillation of bark and 
leaves/branches from Acacia melanoxylon were similar and revealed the presence of gallic 
acid, rutin and epigallocatechin gallate, among other non identified compounds. Figure 7 
shows the phenolic profile for the decoction water for the leaves and branches as an example. 
By using the software of the CZE equipment it was possible to determine the matching 
percentage of the compounds analyzed in relation to data of standard phenolic compounds 




Figure 7 - CZE electropherogram of leaves and branches decoction water.  
It can be seen that the profile is complex in terms of phenolic composition, showing a large 




presence of different catechins and catechin gallate compounds in the sample. The most 
evident substances in many Acacia species are complex phenolic compounds (hydrolysable 
and condensed tannins), but only few species have been examined in any detail for these 
substances (Siegler, 2003). Zhang et al. (2010) have found that the bark of Acacia mangium has 
very high concentrations of phenolic compounds, condensed tannins in particular. Lee et al. 
(2000) have also identified three new flavonol galloylglycosides from the leaves of Acacia 
confusa, and Nyila et al. (2012) isolated epicatechin and epigallocatechin from the leaves of 
Acacia karroo. Maldini et al. (2011), refer to the complexity of catechin derivatives and the fact 
that the investigation of this class of natural compounds has been limited by difficulties in their 
separation. These authors have also found evidence of the presence of galloylated catechin- 
and gallocatechin derivatives, along with galloylated glucose derivatives in the 80 % ethanol 
extract of Acacia nilotica pods. 
A further chromatographic separation of these samples was done for better CZE profiling and 
characterization of the compounds. These results are presented in section 3.6. 
3.3. Content in Phenolic Compounds, Tannins and Non-tannins 
The graph below (Graph 1) shows the gallic acid standard curve, obtained for determining the 
content of phenolic compounds. 
 
Graph 1 - Calibration curve of gallic acid. 
From the absorbances measured and standard calibration curve (Graph 1), the amount of total 
phenolics, tannins and non-tannin phenolics was calculated as gallic acid equivalents (GAE). 
The results were expressed in grams of gallic acid equivalents per 100 gram extract (GAE g/100 
g ext) (Annex B). It proceeded in the same way to calculate total phenolics for the remaining 
trials (see annex C). The results for leaves/branches (Lvs+Brc) and bark (Bk) decoction waters 
obtained at a concentration of 1 mg/mL are shown in Table 7 (mean values n=9): 
Figure 7 - Total phenols, no-tannins and tannins in g GAE/100g ext ± SD. 
Sample TP n-T T 
Lvs + Brc 16.11 ± 0.60 4.47 ± 1.24 11.64 ± 1.56 





3.4. Determination of Antioxidant Activity 
3.4.1. DPPH Scavenging Assay 
Graph 2 shows the calibration curve for the standard Trolox used for the DPPH method.  
 
Graph 2 - Calibration curve for Trolox. 
After monitoring the consumption of the free radical DPPH, results were expressed as 
inhibition % of the DPPH radical and as mM TEAC (Trolox Equivalent Antioxidant Capacity), (see 
Annex D). 
Figure 8 - Antioxidant activity expressed as mM TEAC and% inhibition for DPPH•. 
Sample mM TEAC %I 
Lvs + Brc 1.06 ± 0.02 70.82 ± 0.01 
Bk 1.23 ± 0.03 82.37 ± 0.02 
 
3.4.2. ABTS Method  
Graph 3 shows the calibration curve for the standard Trolox used for the ABTS•+method. 
 





After monitoring the consumption of the free radical ABTS•+, results were expressed as inhibi-
tion % of the ABTS•+ radical and as mM TEAC (Trolox Equivalent Antioxidant Capacity), (see 
Annex D), and are shown in Table 9.  
Figure 9 - Antioxidant activity expressed as mM TEAC and % inhibition for ABTS•+. 
Sample mM TEAC %I 
Lvs + Brc 1.56 ± 0.01 60.45 ± 0.02 
Bk 2.42 ± 0.01 92.51 ± 0.01 
 
3.4.3. EC50 
The EC50 values for the DPPH• method were 0.67mg/mL for leaves /branches and 0.41 mg/mL 
for bark. The EC50 values for the ABTS•+ method were 0.75 mg/mL for leaves and branches and 
0.38 mg/mL for bark.  
To the best of our knowledge, these are the first results for total phenolic content and 
antioxidant activity for extracts of Acacia melanoxylon, as no results were found in the 
literature for this specie. It can be observed from Tables 7 - 9 that results obtained for bark are 
higher than the ones obtained for the leaves and branches. These are in agreement with the 
work of Devi & Prasad (1991), who determined the total phenol and tannins content of water 
extracts from the leaves, bark and pod of ten Acacia species biomass (but not for Acacia 
melanoxylon), showing that, in general, bark presented higher values. However, these values 
are not comparable with the ones in Table 7 obtained for Acacia melanoxylon because total 
phenols and tannins were determined according to the method Folin-Denis and casein 
precipitation, respectively. Tung et al. (2007), found the total phenolic content of the water 
fraction of the 70 % ethanol extract from Acacia confusa bark to be 40 g GAE/100 g, by the 
Folin-Ciocalteau method. Andrade et al. (2007) found for the total phenols from the ethanol 
extracts of flowers of Acacia podalyriifolia, the values of 20.6 g GAE/100 g, 24.0 g GAE/100 g 
and 33.8 g/100 g for the ethanol, dichloromethane and ethyl acetate fractions, respectively.  
It can also be observed that the majority of the phenolic compounds are tannins. These results 
are in agreement with the few results of the literature for other Acacia species, which refer 
that, in general, Acacia species are rich in tannin compounds (Siegler, 2003). Alam et al. (2007) 
revealed the total phenol and tannin content of the leaves and pods from Acacia nilotica to be 
20.08 g GAE /100 g and 13.61 g GAE /100 g, respectively. These results are in close aggreement 
with the ones obtained for Acacia melanoxylon (Table 7). Singh et al. (2007) found the phenol 
content of the water fraction of the methanol extract obtained by decreasing solvent polarity 
of bark powder from Acacia auriculiformis to be 8.8 g/100 g GAE. These authors also observed 
that the water fraction exhibited maximum free radical-scavenging activity of 74.1 % at 100 
µg/mL concentration by the DPPH radical scavenging assay. For the decoction water of bark 
from Acacia melanoxylon, this value was 82.37 % at a concentration of 1 mg/mL, by the DPPH 
radical scavenging assay (Table 8). Maldini et al. (2011) determined the antioxidant activity of 
galloylated catechin- and gallocatechin derivatives along with galloylated glucose derivatives in 
the 80 % ethanol extract of Acacia nilotica pods, ranging from 0.16 to 3.11 mM TEAC by the 
ABTS method. The values obtained for the decoction waters of bark from Acacia melanoxylon, 




waters of Acacia melanoxylon are a rich source of polyphenolic constituents, containing 
probably different galloylated derivatives of catechin and gallocatechin (Figure 7). Also, both 
water extracts from leaves/branches and bark exhibit a strong free radical scavenging 
activities. 
3.4.4. Correlation Between Total Phenolics and Antioxidant Activity 
The previous results were used to calculate a correlation between the content in phenolic 
compounds and the antioxidant activity. For the DPPH• method, for example, a correlation of 
0.92 was found for leaves and branches. However, for bark this value was only 0 .49. 
 
Graph 4 - Correlation between inhibition of total phenolics by DPPH•. 
Some studies have shown a relationship between antioxidant activity and the content of total 
phenolic compound, but generally, this value is very variable. For example, Yizhong Cai et al. 
(2004) found a correlation between the total antioxidant capacity and phenolics of 0.97 in 
Chinese herbs, and Tawaha et al. (2007) found a correlation of 0.89 between antioxidant ca-
pacity and phenolics compounds in some species of Jordan. 
The correlation between total phenolic content and antioxidant activity by DPPH• method of 
leaves and branches was quite significant; in turn, the bark had a low value. These low correla-
tion values, as verified by various authors, can occur because the Folin-Ciocalteau method is 
not a selective method, that is by the Folin-Ciocalteau assay for total phenols is affected by 
several interfering substances such as ascorbic acid, sugar, organic acids and non-phenolic 
organic substances that react with the Folin-Ciocalteau reagent. In the particular case of bark, 
the results for the phenolic compounds can be influenced by the amount of sugar extract from 
Acacia melanoxylon decoction water. They may also be justified by the fact that not all the 
phenolic compounds having antioxidant activity, or even because different phenolics present 
different answers with the Folin-Ciocalteau reagent, for example, different flavonoids present 
low absorption which leads to an underestimation of the various compounds (Zhang et al., 
2010). 
3.5. Extracts Analysis and Fractionation 
The chemical profile of crude extracts from Acacia melanoxylon (Lvs+Brc, Bk) were previously 




performed by using CC, filled with Amberlite XAD-2 (Figure 8 – A) aiming at to separate sugars 
from the desired phenolic compounds. For each crude extract, 4 fractions were obtained 
(Annex E). Then, the methanol fraction (Figure 8 – B) containing the phenolic compounds was 
concentrated to dryness and submitted to a separation according compounds molecular size, 
through a Sephadex column (Figure 8 – C).  
   
Figure 8 - Extracts analysis.  
A total of 57 fractions were obtained from the methanol extracts of bark and leaves/branches 
(Annex F).  The composition of fractions obtained from both columns was monitored by TLC 
(Figure 8 – D), and fractions showing the same chemical profile were pooled into major 




Figure 10 - TLC profile of MeOH/H2O and MeOH fractions from Acacia melanoxylon 
Samples Fractions Colour 
CZE 
Code 
Lvs + Brc 
I Cream  11FR 
II Greenish yellow  12FR 
III Greenish brown  13FR 
IV Opaque brown  14FR 
V Lilac  15FR 
VI Brown  16FR 
VII Intense pink  17FR 
VIII Pink  18FR 
IX Light pink  19FR 
X Pinkish brown  20FR 
XI Colorless  21FR 
Bk 
I Colorless  4C 
II Greenish brown  5C 
III Green-brown  6C 
IV Light brown  7C 
V Colorless  8C 
VI Cream  9C 
VII Colorless  10C 
 
All fractions were completely evaporated to dryness and subjected to CZE for compounds 
identification. Those which revealed a promising phenolic composition were tested through an 
in vitro assay regarding their anti-inflammatory activity. 
3.6. Phenolic Profile of Chromatographic Fractions 
3.6.1. CZE 
The analysis of the profile of phenolic compounds by CZE was performed for all the fractions 
obtained after column chromatography and TLC evaluation (Annex G). The profile of the most 
promising fractions, two from the bark (6 C and 7 C) and two from the leaves and branches (13 



















After the clean-up procedure, several other compounds could be identified, such as 
epicatechin and catechin hydrate, but mainly phenolic acids and, in particular O-acetylsalisylic 
acid. This compound is recognized as having anti-inflammatory activity and is the active 
ingredient of aspirin, which was first isolated from the bark of the willow tree, in 1763, by 
Edward Stone of Wadham College, University of Oxford (Stone, 1763). To the best of our 
knowledge, only two studies were so far performed for the characterization of the phenolic 
composition of Acacia melanoxylon, and only one of these studies was done in the diethyl 
ether extracts of the leaves and bark. González et al. (1995) identified apigenin, 4-hydroxy-3-
methoxybenzyl alcohol, ferulic acid, quercetin-3-glycoside (rutin), vanillic acid, vanillin and 
luteolin in the leaves, and luteolin, apigenin, vanillin, ellagic acid and ellagitannins in the bark.  
Hussain et al. (2011) have characterized the flower and phyllode MeOH/H2O extracts of A. 
melanoxylon and confirmed the presence of gallic acid, protochatecuic acid, p-hydroxybenzoic 
acid, p-hydroxybenzaldehyde, vannilic acid, syringic acid, p-coumaric acid, ferulic acid, rutin, 
quercetin, luteolin, apigenin and catechin. Most of the referred compounds are also present in 
the decoction waters, but, apparently, O-acetylsalisylic acid has not been identified before. To 
the best of our knowledge, this is the first time that phenolic acids and flavonoids are 
identified in the aqueous extract of leaves/branches and bark of Acacia melanoxylon, and that 
the presence of O-acetylsalisylic acid is reported in Acacia species. Only few publications refer 
to the phenolic composition of Acacia species (vide Table 2 for references). Tung et al. (2009; 
2007), for example, have also identified some phenolic compounds in the ethanolic extracts of 
bark and hot water extracts of leaves from Acacia confusa, namely, phenolic acids in the bark, 
and gallic acid, (+)-catechin, (-)-epicatechin, myricetin-3-glucopyranoside and myricetin-3-
rhamnopyranoside in the leaves, respectively. 
3.7. Anti-inflammatory Activity 
The capacity of crude extracts and fractions obtained from the bark and leaves/branches of 
Acacia melanoxylon to inhibit bovine serum albumin (BSA) heat denaturation was compared to 
the standard drug, acetylsalicylic acid (ASA). 
Some of the tested fractions (500 µg/mL) were effective in inhibiting BSA denaturation (Table 
11). Inhibition (%) was observed for fractions 6 C (14.64 %), 7 C (40.80 %), 13 FR (13.39 %) and 
14 FR (39.25 %). 
Figure 11 - Anti-inflammatory activity expressed as % inhibition of BSA denaturation. 
Sample Abs660nm %I 




ASA 0.01 ± 0.00 99.09 ± 0.00 
6C 0.40 ± 0.00 14.64 ± 0.00 
7C 0.28 ± 0.01 40.80 ± 0.01 
13FR 0.80 ± 0.03 13.39 ± 0.01 





These results can be explained and related to the chemical composition of the tested fractions 
(Figures 9 and 10), as these fractions are rich in phenolic acids (acetylsalicylic acid, vanillic, p-
coumaric, and syringic acids) known to have anti-inflammatory activity. Besides the well 
documented activity of acetyl salicylic acid, one of the main constituents of Acacia 
melanoxylon, there are also some reports confirming the in vitro and in vivo anti-inflammatory 
properties of vanillic (Calixto-Campos et al., 2015), syringic (Fernandez et al., 1998), and p-
coumaric acids (Pragasam and Rasool, 2013). Differences in the percentage inhibition are 
related to the concentration of the referred compounds in the samples analysed, being 
fractions 7 C and 14 FR the ones presenting the higher percentages in line with the absorbance 
level. The standard drug ASA (100 μg/mL) showed an inhibition ≥ 98.26 %, when compared to 
the control (Table 11). Once it is a pure compound it is expected that ASA inhibition 
percentage is higher than that observed for the bioactive fractions, which have a more 
complex composition and minor relative concentrations of each bioactive constituent. On the 
contrary, fractions 15/20 FR (Annex G) didn’t show relevant inhibition of BSA denaturation. 
Although their main constituent was catechin derivatives, it is possible that some tannin based 
compounds, e.g. galloyl catechins and gallic acid, promoted albumin precipitation and no 
activity was observed. The same behavior was denoted by the crude extracts, where 
gallocatechins, gallates and gallic acid were also predominant. The relationships of chemical 
structure of catechins and their binding affinities to human serum albumin (HSA) were studied 
by Trnková et al. (2011). These authors confirmed the importance of galloyl moiety on the C-
ring in the binding affinity of catechins to HSA. Catechins lacking the galloyl moiety in their 
structure (catechin, epicatechin, gallocatechin and epigallocatechin) caused only negligible 
alterations in the protein molecule, while the galloylated catechins showed significantly higher 
binding ability than the non-galloylated catechins, promoting protein precipitation. 
There are no reports in the literature regarding the application of the in vitro BSA denaturation 
assay to evaluate the anti-inflammatory activity of extracts from Acacia species, nor to the 
phenolic compounds identified in Acacia melanoxylon. However, the anti-inflammatory activity 
of Acacia hydaspica (Afsar et al., 2015) and Acacia catechu (Stohs and Bagchi, 2015) were 
recently reported by a different methodology. Both authors refer the role of phenolic 
compounds, including catechins and phenolic acids, on the anti-inflammatory properties of 
such extracts in vivo models, while Garcia-Lafuente et al. (2014) reported an in vitro assay 
evidencing the importance of catechins on the anti-inflammatory activity of extracts from two 
beans species. These reports add further support to our results, evidencing the potential of 






Conclusions and Future Prospects 
In this study, it was revealed for the first time that the aerial parts and bark from Acacia 
melanoxylon biomass do not present essential oils. However, the decoction waters thereof are 
rich in phenolic compounds, particularly tannins, and possess strong antioxidant activity based 
on the DPPH and ABTS assays. Some of the compounds identified in Acacia melanoxylon are 
responsible for the strong radical scavenging activity and also for the anti-inflammatory 
proprieties, namely, catechin derivatives and O-acetylsalicylic acid, which was here identified 
for the first time in Acacia species.  
Through this work we have tried to explore the value added compounds and the therapeutic 
potential of the biomass of Acacia melanoxylon, concluding to be a promising route for new, 
safe, biodegradable and renewable source of drugs with high therapeutic index. Within the 
concept of biomass refining, Acacia melanoxylon biomass can thus be assessed for the co-
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TQ FR 0,7129 0,7140 0,7364 0,7211 0,0133 0,6546 17,96 
 
179,6 0,180 0,18 18,0 
1/2 50mg/50ml FR 0,3961 0,4040 0,3957 0,3986 0,0047 0,3321 9,10 18,20 182,0 0,182 0,18 18,2 
TQ C 1,2329 1,2300 1,2378 1,2336 0,0039 1,1671 32,04 
 
320,4 0,320 0,32 32,0 
1/2 50mg/50ml C 0,6789 0,6764 0,6662 0,6738 0,0067 0,6073 16,66 33,33 333,3 0,333 0,33 33,3 
2 
1/2 50mg/50ml FR 0,2100 0,2162 0,2432 0,2131 0,0044 0,1459 3,14 6,28 62,8 0,063 0,06 6,3 
1/2 50mg/50ml C 0,3206 0,3882 0,3536 0,3541 0,0338 0,2869 5,80 11,59 115,9 0,116 0,12 11,6 
3 
TQ FR 0,6177 0,6167 0,6035 0,6126 0,0079 0,5596 20,54 
 
205,4 0,205 0,21 20,5 
1/2 50mg/50ml FR 0,3254 0,3388 0,3356 0,3333 0,0070 0,2803 9,71 19,42 194,2 0,194 0,19 19,4 


































1/2 50mg/50ml FR 0,2091 0,1731 0,2096 0,209 0,0004 0,143 3,902 15,61 52,03 0,052 0,052 0,182 0,052 0,130 
1/2 50mg/50ml C 0,1889 0,2479 0,3143 0,218 0,0417 0,152 4,151 16,60 55,35 0,055 0,055 0,333 0,055 0,278 
2 
1/2 50mg/50ml FR 0,2091 0,1731 0,2096 0,209 0,0004 0,142 3,071 12,28 40,94 0,041 0,041 0,063 0,041 0,022 
1/2 50mg/50ml C 0,1889 0,2479 0,3143 0,218 0,0417 0,151 3,241 12,96 43,21 0,043 0,043 0,116 0,043 0,073 
3 
TQ FR 0,2166 0,1914 0,1808 0,196 0,0184 0,143 4,402 8,80 22,01 0,022 0,022 0,205 0,022 0,183 
1/2 50mg/50ml FR 0,1705 0,1631 0,2854 0,206 0,0686 0,153 4,792 19,17 63,89 0,064 0,064 0,194 0,064 0,130 









Annex D - Calculations for determining the antioxidant activity expressed in mM TEAC 
and % inhibition (DPPH). 






Abs 1 Abs 2 Abs 3 
DPPH 
1 
FR 0,1912 0,1618 0,1987 0,18 0,02 1,07 65,65 
C 0,0725 0,0716 0,0773 0,07 0,00 1,38 86,21 
2 
FR 0,2133 0,2285 0,1663 0,22 0,01 1,04 68,15 
C 0,1213 0,1171 0,0743 0,12 0,00 1,26 82,81 
3 
FR 0,0825 0,1051 0,116 0,10 0,02 1,06 78,66 
C 0,0582 0,1881 0,0656 0,10 0,07 1,05 78,08 
ABTS 1 
FR 0,2503 0,1912 0,2655 0,26 0,01 1,56 60,44 










I Distilled Water 
II Water (pH=2) 











Solvents Fractions CZE Code 
FR 
1 Ethyl Acetate I 11FR 
2 Ethyl Acetate II 12FR 
3 Acetone III 13FR 
4-5 Acetone IV 14FR 




12-13 Ethanol VII 17FR 
14-17 Methanol VIII 18FR 
18-23 Methanol IX 19FR 
24-33 Methanol X 20FR 
34-39 Methanol XI 21FR 
C 
1 Methanol I 4C 
2 Methanol II 5C 
3 Methanol III 6C 
4-5 Methanol IV 7C 
6-9 Methanol V 8C 













































Annex H -  Anti-inflammatory activity 
Sample 
Abs 
Mean StdD % Inhibition 
Abs 1 Abs 2 Abs 3 
Blank 0,5270 0,4680 0,4610 0,4645 0,0049 ------ 
ASA 0,0020 0,0010 0,0000 0,0003 0,0007 99,93 
EXT C 0,5730 0,7230 0,6460 0,6095 0,0516 n.i. 
6C 0,3960 0,4380 0,3970 0,3965 0,0007 14,64 
7C 0,2970 0,2690 0,2810 0,2750 0,0085 40,80 
13FR 0,8170 0,7740 0,9920 0,7955 0,0304 13,39 
14FR 0,5580 0,6140 0,5580 0,5580 0,0000 39,25 
15FR 1,1660 1,0960 1,1790 1,1725 0,0092 n.i. 
16FR 1,4950 1,5710 1,5950 1,5830 0,0170 n.i. 
17-20FR 1,1650 0,9610 1,0700 1,0653 0,0672 n.i. 
 
 
